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Abstract 
In order to forecast energy demand in China in the next 20 years, this paper firstly analyzes the current situation of 
China’s energy consumption, and then apply LEAP model to simulate primary energy and final energy demand in 
2020, 2030 under different scenario composition about economic development, energy efficiency and energy 
structure. The results show that: the total primary energy demand will reach 4840-5070 Mtce in 2020, 5580-5870 
Mtce in 2030; the share of coal in primary energy will decrease, and that of oil, natural gas and non-fossil energy 
sources will increase. For all the three economic growth scenarios, 40-45% carbon emission intensity reduction target 
can be realized. If non-fossil energy can be further developed, carbon emission intensity can reduce more than 45% 
by 2020. The goal of the 15% share of non-fuel energy in primary energy is difficult to realize, unless the most 
development potentials of hydro power, nuclear power and wind power can be reached. 
© 2011 Published by Elsevier Ltd. 
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1. Energy consumption situations and characteristics in China 
Firstly, the total energy consumption in China has been rising. The total energy consumption in China 
increased from 570 Mtce in 1978 to 3250 Mtce in 2010, and the average annual growth rate was 5.6%. In 
2010, energy consumption exceeded the United States and ranked first in the world, per capita energy 
consumption, 2.4 tce, reached average level in the world. 
Secondly, energy consumption structure is coal-based, determined by China’s energy resource 
endowment, though it begins to move toward clean energy in recent years. from 2000, the share of coal in 
total energy consumption changed little, remaining about 70%; oil dropped from 22.2% in 2000 to 16.5% 
in 2010, natural gas rose from 2.2% to 4.3%; the scale of hydropower, nuclear power, wind power and 
other non-fossil energy sources has significantly increased, and total non-fossil energy consumption rose 
from 6.4% in 2000 to 8.3% in 2010. 
Thirdly, the total energy consumption per unit GDP falls significantly, but still has a large space to 
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improve. From 1978-2009, energy intensity fell from 3.745 to 1.077 tce per ten thousand yuan, but there 
is a large gap with the United States, Japan and other developed countries. 
Fourthly, per capita energy consumption has been gradually approaching the world average level, but 
there is a big distance with developed countries. Per capita energy consumption rose from 0.60 tce in 
1978 to 2.30 tce in 2009, which got very close to the world average (2.34 tce), but lower than the level of 
OECD countries (6.25 tce). 
Fifthly, final energy consumption has risen rapidly, but its share in total primary energy consumption 
has declined. Final energy consumption increased from 480 Mtce in 1980 to 2070 Mtce in 2008, with the 
average annual growth rate of 5.4%. Its share in primary energy consumption dropped from 79.4 percent 
in 1980 to 71.1 percent in 2008, mainly result from a lot of coal used for power generation and energy 
conversion loss. 
2. Model Construction and scenario design 
2.1. Model Construction 
In this study, LEAP (Long-range Energy Alternatives Planning System) is used to analyze energy 
demand and carbon emission. LEAP model is a bottom-up energy-environment model, jointly developed 
by Stockholm Environment Institute and Boston University of the United States of America. The model 
contains technological and environmental database (TED), and can be used to calculate energy 
consumption and pollutant emissions. 
2.2. Scenario Design 
This study established three kinds of economic development scenarios and two non-fossil energy 
installed capacity scheme: 
Three kinds of economic development scenarios include baseline scenario (scenario A), rapidly 
changing development pattern scenario (scenario B) and risk scenario (scenario C). In scenario A, 
Chinese economy will continue the past development trends, labor force will transfer steadily, scientific 
and technological progress will continue to develop, urbanization and industrialization will advance 
smoothly, the world economy will gradually recovers, the employment rate will be relatively high, 
investment structure will keep stable, and so on. In scenario B, economic growth pattern changes will 
make a progress, urbanization process and labor force move from agriculture to non-agriculture will 
accelerate, the tax burden on service industry will gradually reduce, fixed assets investment structure will 
be adjusted, and electricity consumption efficiency will improve. In scenario C, economic and social 
development is affected by some harmful factors, urbanization process and labor force transfer will 
slower, world economy will recover slowly, trade protection will become more and more serious, export 
growth will slower, technological innovation and efficiency improvement will slower, and fixed asset 
investment structure adjustment will be not obvious. 
Two kinds of non-fossil energy installed capacity schemes are upper and lower limits of largest 
development potential of major non-fossil energy in 2020,2030, which take into account the development 
status of China's non-fossil energy sources, national plans and development potential comprehensively. 
Among them, hydropower, nuclear power, wind power scales of schemeⅠin 2020 are higher than that of 
schemeⅡ, and the scale of the two schemes in 2030 is the same. 
Combining the economic development scenarios and non-fossil energy schemes, this study establishes 
six research scenarios: A1, A2, B1, B2, C1 and C2, shown in table 2. For examples, A1, A2 represents 
two kinds of BAU scenarios that adopt schemeⅠand schemeⅡabout non-fossil energy installed capacity.  
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Table 1. Non-fossil energy installed capacity scale (ten thousand kilo watts.)
non-fossil energy 
categories
2020
2030 
schemeⅠ  schemeⅡ
Hydro power 30000 35000 43000 
Nuclear power 8000 9000 16000 
Wind power 11000 15000 18000 
Solar energy 2000 2000 7000 
Biomass energy 1500 1500 3000 
3. Chinese energy demand forecasts in 2010-2030 
3.1. Economic growth and industrial structure 
In scenario A, China will maintain a rapid economic growth, but growth rate will slow down gradually. 
The proportion of primary and secondary industry in GDP will continue to reduce, whereas tertiary 
industry proportion will increase, shown in fig.1.(a) and (b). 
Economic growth rate in scenario B is faster than the baseline scenario (see fig.1.(a)); industrial 
structure change will be faster than that in baseline scenario (see fig.1.(b)), and the proportion of the 
second industry is 1.9, 2.9 percentage point lower than baseline scenario in 2020, 2030; the proportion of 
the tertiary industry is 1.7, 2.7 percentage point higher than baseline scenario, which reflects the 
development mode change and industrial structure upgrade, from the over-reliance on the fast 
development of manufacturing industry into synchronization development of manufacturing and service 
industry. In scenario C, economic growth rate is lower than baseline scenario, and industrial structure will 
roughly equivalent to scenario A. Like scenario A, GDP growth rates in scenario B and C also show a 
gradually declining trend. 
Fig.1.(a) GDP growth rates (%); (b) industry structures 
3.2. Primary energy consumption 
Total primary energy consumption will continue to grow, but the speed will slow down. Total 
consumption mainly depends on economic development, and there is little effect from non-fossil energy 
installed capacity structure. Under the baseline scenario, primary energy consumption will increase from 
3250 Mtce in 2010 to 5070, 5870 Mtce in 2020, 2030 respectively. Average annual energy consumption 
growth rate will decline from 4.55% in 2011-2020 to 1.47% in 2021-2030. 
Energy consumption will significantly reduce through the economic development pattern changes, but 
Bao-guo SHAN et al.\ / Energy Procedia 14 (2012) 1292 – 1298 12954 Bao-guo SHAN, et al./ Energy Procedia 00 (2011) 000–000 
due to the economic structure adjustment optimization, primary energy consumption will reduce 80, 170 
Mtce in 2020, 2030 respectively, although GDP growth rate in scenario B is higher than scenario A. 
Economic growth has very significant effects on energy consumption. Scenario C has equivalent 
industrial structure with scenario A, but GDP growth rate is slower, so energy consumption will reduce 
233, 295 Mtce in 2020, 2030 respectively, compared with scenario A.  
Table 2. Primary energy consumption in different scenarios (Mtce) 
scenario 2010 2020 2030 
A 3250 5070 5870 
B 3250 4990 5700 
C 3250 4837 5575 
In scenario A, the share of coal in primary energy tends to decrease, whereas that of oil, natural gas 
and non-fossil energy tend to rise, and non-fossil energy and electricity have the fastest speed. In scenario 
A1, for example, coal proportion will decrease 3.26, 5.56 and 7.18 percentages in the 12th five-year plan, 
the 13th five-year plan and 2021-2030 year respectively; the proportion of non-fossil energy power will 
increase 1.07, 2.28, and 3.99 percentage point. In 2020, non-fossil energy power will reach 579 Mtce, 
accounting for 11.42% of total primary energy consumption. 
Installed capacity structure will affect primary energy consumption structure. The share of non-fossil 
energy in primary energy in scenario A2 in 2020 is 1.92 percentage points higher than scenario A1, that of 
coal is 1.92 percentage point lower, and the shares of oil, natural gas change little. 
If development pattern changes rapidly, the share of coal and oil will decrease, while that of natural 
gas, non-fossil energy will increase. Compared with scenario A1, the share of coal, oil will decrease 0.4, 
0.2 percentage point in scenario A1 in 2030, and that of natural gas, non-fossil energy sources will 
increase 0.1, 1.0 percentage point. 
3.3. Final energy consumption  
Total final energy consumption has similar trend with primary energy consumption. The total final 
energy consumption will reach 3384-3570 Mtce in 2020, 3860-4087 Mtce in 2030, as shown in table 3. 
The share of final energy in primary energy consumption will reduce gradually, from 71.1% in 2008 
to 69.56-70.71% in 2020, 68.63-69.63% in 2030, which is mainly due to power efficiency loss when the 
large amount of coal is used for power generation. 
Table 3.  The share of final energy in primary energy consumption 
Scenarios
final energy consumption（Mtce） The share in primary energy consumption (%) 
2008 2020 2030 2008 2020 2030 
A 2072 3570 4087 71.1  70.41  69.63  
B 2072 3471 3912 71.1 69.56  68.63  
C 2072 3384 3860 71.1 69.96  69.24  
The proportion of coal consumption will drop, and that of oil, natural gas, heat and electricity 
consumption will rise. In scenario A2, for example, the share of coal, coke and coal chemical products 
will decline, especially for coal, whose share will drop faster, from 15.71 percent in 2010 to 21.54 percent 
in 2020, 17.66 percent in 2030. The share of oil, gas, heat and power consumption will rise. 
Electrification levels will increase, from 20.9 percent in 2010 to 24.77 percent in 2020, 27.41 percent in 
1296  Bao-guo SHAN et al.\ / Energy Procedia 14 (2012) 1292 – 1298 Bao-guo SHAN, et al./ Energy Procedia 00 (2011) 000–000 5
2030. 
When development mode change accelerates, the share of coal, coke, and heat will decrease, that of 
oil, electricity will increase, that of natural gas will change little. For an example, in scenario B2, the 
proportion of coal, coke, and heat will decrease 0.9, 0.8, 0.2 percentage points respectively compared 
with the scenario A2; that of oil and electricity will increase 1.3, 0.7 percentage point, as shown in Fig.2. 
(a). That reflects the final energy consumption will get cleaner. 
Fig.2. (a)Final energy structure of the second installed capacity scheme in 2030 (%); (b) Carbon emission intensity change rates in 
2020(%) 
3.4. Energy conversion, distribution and consumption flows 
Figure 3 is an energy flow diagram of scenario A2 in 2020, which adopts the basic ideas of the 
Lawrence Livermore National Laboratory (LLNL) of the United States, describes the distribution, 
conversion and consumption processes in various sectors such as power generation and other 
consumption sectors, and intuitively reflects energy input-output relationship and consumption flows. 
As seen from figure 3, the total coal consumption will reach 3000 Mtce in 2020, mainly used for 
power generation, heating and industrial building energy consumption, the first two items will be about 
1460 Mtce, accounting for 48.7% of total energy consumption. Renewable energy (hydro, nuclear, wind 
power, etc.) will be about 676 Mtce, accounting for 13.34% of total energy consumption. Industrial and 
construction final energy demand, 2290 Mtce, will occupy about 64.15% in total final consumption in 
2020. As people's living standards improve, residential living energy consumption will grow fast, and its 
proportion in total final energy consumption will reach 14.06%, exceeding transportation sector, 13.63%. 
The energy consumption proportion of agriculture, commerce and other sectors is relatively small, only 
8.16%. 
Comparing scenario B2 with scenario A2, we find that the proportion of power generation and heating 
in coal consumption will increase 1.9 percentage points in 2020, indicating that more coal will be 
converted into electricity. The share of industry and construction in final energy demands will reduce 1.7 
percentage points in 2020; the share of residential living will increase 0.41 percentage points; the 
proportion of the transport industry will increase 1.07 percentage points; the share of agricultural, 
commercial and other sectors will increase 0.19 percentage points. 
Comparing scenario C2 with scenario A2, we find that the proportion of power generation and heating 
in coal consumption will increase 0.5 percentage points in 2020. The share of industry and construction in 
final energy demands will reduce 0.37 percentage points in 2020; the share of residential living will 
increase 0.78 percentage points; the proportion of the transport industry will increase 0.5 percentage 
points; the share of agricultural, commercial and other sectors will increase  0.11 percentage points. 
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Fig.3. Chinese energy flow chart of scenario A2 in 2020 (ten thousand tce) 
3.5. Carbon emissions and intensity 
In all the six scenarios, carbon emission intensity reduction target in 2020 can be achieved, but the 
intensity declinations are different. The smallest change will come from scenario A1, 45% lower than that 
in 2005; the biggest one will come from scenario B2, 48.3% lower than that in 2005, as the non-fossil 
energy installed capacity scale is higher, and economic development pattern change is faster than other 
scenarios, as shown in fig. 2(b). 
4. Main conclusions 
Through the above analysis, we can draw the following conclusions: 
Firstly, with the continuous, rapid economic development, China’s future energy consumption will 
continue to rise, but growth rate will slow down, and the energy intensity will drop. The total primary 
energy demand will reach 4837-5070 Mtce in 2020, 5575-5870 Mtce in 2030. Energy intensity will 
decrease from 1.035 tce per ten thousand yuan in 2010 to 0.755-0.729 tce per ten thousand yuan in 2020, 
0.483-0.534 tce per ten thousand yuan in 2030. 
Secondly, in the next 20 years, Chinese primary energy consumption will be still dominated by coal, 
but the proportion will decrease, while the share of oil, gas, and non-fossil energy will rise. 
Thirdly, final energy consumption will grow rapidly, but its share in total primary energy consumption 
will decline. Electricity will have a significant rising share in final energy consumption, while the trend of 
coal is on the contrary. As for sub-sector energy consumption, industrial sectors will occupy the dominant 
position in final energy consumption; the proportion of agricultural and residential energy consumption 
will gradually decline; the proportion used in transport sector will rise. 
Fourthly, for all the three economic growth scenarios, 40%-45% carbon intensity reduction targets can 
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be realized. If non-fossil energy can be further developed, carbon intensity can reduce more than 45% in 
2020, relative to that in 2005. 
Fifthly, the goal of the 15% share of non-fuel energy in primary energy is difficult to realize, unless 
the most development scale potential of hydro power, nuclear power and wind power can be reached. 
Sixthly, the transformation of economic development mode can slow the growth rate of energy 
consumption, improve energy structure, reduce the share of coal, oil in primary energy consumption, 
increase the share of natural gas and non-fossil energy, and significantly reduce the carbon emissions 
intensity. 
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